The discovery of embryonic stem cells (ESCs), and the observation that they can be differentiated into cardiac myocytes with the appropriate electrical, contractile and signalling properties [1] [2] [3] [4] [5] has raised great expectations in the cardiac research community. [6, 7] but, among the cell sources considered for this task, they have arguably the greatest barriers to clinical application [8, 9] . A more readily achievable use that has been proposed is as a model system for the cardiac researcher [3] .
Introduction
The discovery of embryonic stem cells (ESCs) , and the observation that they can be differentiated into cardiac myocytes with the appropriate electrical, contractile and signalling properties [1] [2] [3] [4] [5] has raised great expectations in the cardiac research community. [6, 7] but, among the cell sources considered for this task, they have arguably the greatest barriers to clinical application [8, 9] . A more readily achievable use that has been proposed is as a model system for the cardiac researcher [3] .
The most obvious use for these ESC-derived cardiomyocytes (ESC-CM) is in cardiac repair
Primary adult myocytes are stable in culture for only a few days [10, 11] , fetal/neonatal myocytes will be usable for weeks but are only obtained from rodent, and cardiac cell lines with stable contractile activity are rare and again of rodent origin. Maintenance of contracting human ESC-CM has been observed for over 7 months, the longest period examined so far in our own laboratory. Furthermore, we and others have also shown their maturation in terms of morphology, membrane currents and excitation-contraction coupling [12, 13] . The [14] [15] [16] . OC is common, affecting 1 in 200 pregnancies in the United Kingdom [17] . The aetiology of the fetal death is poorly understood. It is thought to occur suddenly, as there is no evidence of preceding utero-placental insufficiency and the fetal autopsy is normal [18] . It has been suggested as arrhythmic, because placental histology shows non-specific changes consistent with hypoxia [19] and an abnormal fetal heart rate (Յ100 or Ն180 beats/min.) has been observed [15, [20] [21] [22] 
Isolation and contraction measurement of adult ventricular cardiomyocytes
Ventricular myocytes were isolated from myocardium of explanted failing human hearts as previously described [28] . Cells [29] . Briefly, the pipette mounted on a piezo stage is moved over the cell while maintaining a fixed distance from the surface. (Fig. 1A ) This is achieved by a feedback control keeping the ion current through the pipette constant. (Fig. 3) . Rhythm disturbances were observed at both 0.1 and 1 mM TC, but showed both faster and slower components compared to untreated cells (Fig. 4B ).
Effect of TC on the amplitude and rhythm of contraction of ESC-CM

Topographic imaging of the cells is performed with SICM methods
Firstly, we performed imaging of various ESC-CM layer zones and identified contracting cardiomyocytes [30] (Fig. 1B). To investigate the changes of the rhythm of cardiomyocyte contraction caused by the addition of bile acids, we recorded the vertical cell displacement of individual cells as described previously [31]. As the cell surface rises during contraction, the micropipette is displaced vertically. The measurement allows alterations in contraction to be recorded (Fig. 1C).
Calcium dynamics
Statistics
Results were expressed as mean and standard error or standard deviation (S.D.). Comparisons were made using the unpaired t-test. The data were checked for normal distribution prior to parametric analyses.
Results
We compared the effect of TC on the contraction of mESC-CM at three different stages of differentiation according to the Boheler classification [27]. Figure 2 shows typical examples of the influence of different concentrations of TC on the rhythm and amplitude of contraction of mESC-CM.
Fig. 1 (A) Schematic diagram of the scanning ion conductance microscopy (SICM
mM TC on amplitude and rhythm of hESC-CM between 13 days and 71 days of differentiation
Fig. 2 Measurement of contraction of mESC-CM in the different stages of differentiation. Representative traces of the influence of addition of 0.1 mM and 1.0 mM TC on the rate and amplitude of contraction of mESC-CM in the early (A), intermediate (B) and late (C) stages of differentiation.
Fig. 3 Graph demonstrating the influence of adding 0.1 mM and 1.0 mM TC on the amplitude of contraction in mESC-CM at the early, intermediate and terminal stages of differentiation. This is represented as a percentage (%) of the amplitude of contraction in cells prior to the addition of TC (designated controls). The extent to which the amplitude of contraction returns to normal after transfer of cells into TC-free medium is also shown. (*Control versus P Ͻ 0.05). (n = 6 early
mESC-CM: terminal stage
Initial rate was 33.0 Ϯ 2.0 bpm, n ϭ 5 (mean Ϯ S.D.). Addition of 0.1 mM TC had no effect on rate 33.8 Ϯ 1.6, amplitude (Fig. 3) or rhythm (Fig. 4) Supporting Information, Fig. 1 ). (Fig. 5, left (Fig. 5, central panel (Fig. 7A, middle graph) . After addition of 1.0 mM TC the histogram remained abnormal and the bigeminy was more marked (Fig. 7A, right graph) with a highly organized sarcomeric pattern can be found from both immature (Fig. 8, left panel) and mature cultures (Fig. 8, right panel) . The influence of TC was also studied in human adult ventricular cardiomyocytes. Rhythm was maintained in the paced cardiomyocytes, and there was no significant effect on contraction amplitude, time-to-peak contraction or time-to-50% or 90% relaxation following treatment with 0.1 mM to 1 mM TC (Fig. 9 ). However addition of 3 mM TC to the culture medium caused arrhythmia (Fig. 9A) 
Calcium transient dynamics
Fig. 4 (A) Representative histogram of the interval of time between beats of mESC-CM in the early stage of differentiation. (B) Representative histogram of the interval of time between beats of mESC-CM in the intermediate stage of differentiation. (C) Representative histogram of the interval of time between beats of mESC-CM in the terminal stage of differentiation. column of images). Transient recordings at the points indicated by the two arrows are shown in the tracings below. Fluorescent images of time-points before (A), at the peak of (B) and after (C) the calcium transient are shown, and indicated on the tracings. When TC was added to the mESC-CM
